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The Saxifragaceae in Engler’s sense have been divided into some families by 
recent taxonomists. It is, therefore, thought to be composed of some heterogeneous 
groups. However, Deutzia and Philadelphus have been treated as closely related 
genera by many taxonomists. For example, Engler (1891) and Schulze-Menz 
(1964) treated them as two of genera of which the tribe Philadelpheae of the 
Saxifragaceae was composed. Hutchinson (1959) and Airy Shaw (1973) segregated 
the Engler’s Saxifragaceae into a dozen or more families, and assigned Deutzia 
and Philadelphus to the family Philadelphaceae which was one of the families 
segregated by them, though there was a difference between their systems of 
classification in the delineation of the family. Cronquist (1968) segregated the 
Engler’s Saxifragaceae into a herbaceous family (Saxifragaceae) and two woody 
families (Hydrangeaceae and Grossulariaceae) and he (1981) treated Deutzia and 
Philadelphus as two of genera of which the family Hydrangeaceae was composed. 

In the Engler’s Saxifragaceae, the embryological studies of such herbaceous 
genus as Saxifraga have been performed occasionally (Abe 1982), but unfortu¬ 
nately, on the embryology of the woody genera, we have possessed but very 
incomplete knowledge (Davis 1966). We have intended to perform the embryological 
studies of Deutzia and Philadelphus. This paper describes the results obtained 
from our investigations as to the formation of the embryo sac in D. scabra 
Thunb., D. crenata Sieb. et Zucc. and P. satsumi Sieb. 

Materials and method At appropriate intervals extending from April to 
June in 1982-1984, many buds and flowers of D. scabra were collected from 
individuals growing wild in the neighbourhood of the Yokohama City University, 
Kanazawa-ku, Yokohama City, and those of D. crenata and P. satsumi were 
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collected from individuals planted on the campus of the Yokohama National 
University, Hodogaya-ku, Yokohama City. All materials collected were fixed in 
formalin-acetic-alcohol (FAA). Then they were dehydrated in ethyl alcohol-ferf. 
butyl alcohol series and embedded in paraffin or histosec (supplied by Merck & 
Co., Ltd.). They were sectioned serially at 6-10 [im thick and stained with 
Heidenhain’s iron alum hematoxylin and fast green combination. 

Observation Ovary and ovule. Ovaries of the three species examined were 
inferior. They were incompletely divided into loculi, of which the number was 
the same as that of carpels. P. satsumi had invariably four carpels, but the 
carpels of D. scabra and D. crenata were usually three, rarely four. Many 
ovules developed on the parietal placentae. In D. scabra and D. crenata, nearly 
all of the ovules formed were fertile. But in P. satsumi, the process of spore 
formation stopped proceeding in nearly half the number of ovules formed; those 
ovules became abortive. The ovule was, usually, hemianatropous (Figs. 1G, 2E) 
in D. scabra and D. crenata and anatropous in P. satsumi. The ovule of the 
three species examined was composed of a thin nucellus which was enclosed by 
one integument. Before a megasporocyte entered the meiosis or after it had 
just begun to divide meiotically, the integument grew up to the level of the tip 
of nucellus (Fig. 3A) and began to form a long canal of micropyle. In the 
ovule where the meiosis had just been over, the length of the canal was two to 
three times that of the nucellus (Figs. 1G, 2E). The integument was composed 
of five to seven layers of cells. The cells of the inner epidermis of integument, 
except cells constructing the apical portion of integument, elongated perpendicularly 
to the inner surface of the integument (Figs. II, 2G) and came to function as 
the integumentary tapetum. That is, the integumentary cells surrounding the 
canal of micropyle as well as those in contact with the nucellus or the embryo 
sac functioned as the tapetum. The nucellus was composed of a single axial 
row of cells covered by a layer of epidermal cells. The outermost cell of the 
axial row elongated along the axis of the nucellus and functioned as a megasporo¬ 
cyte without any divisions. 

Embryo sac formation. The megasporocyte underwent two successive meiotic 
divisions. Each of them was always accompanied by wall formation. The first 
meiotic division (Figs. IB, 2B) of the megasporocyte (Figs. 1A, 2A, 3A, B) was 
in the transverse plane and produced two dyad cells (Figs. 1C, 2C, 3C). The 
second division (Fig. ID) was also transverse and took place simultaneously in 
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Fig. 1. Development of embryo sac in Deutzia scabra. A. Nucellus with megasporocyte. B. 
Nucellus with megasporocyte in division. C. Nucellus with dyad. D. Nucellus with two dyad 
cells, each in division. E. Nucellus with four-celled tetrad. F. Nucellus with functional 
megaspore. G. Hemianatropous ovule with functional megaspore. H. Nucellus with two- 
nucleate embryo sac. I. Nucellus with elongating four-nucleate embryo sac and portion of 
integumentary tapetum. J. Portion of ovule with eight-nucleate embryo sac, of which the 
micropylar portion already goes out from the micropyle. K. Portion of ovule with mature 
embryo sac. Details: I, integument; M, micropyle; P, placental region; T, integumentary 
tapetum. . 
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two dyad cells. As the result, a linear tetrad (Figs. IE, 2D, 3D) of megaspores 
was invariably produced. 

A megaspore, farthest from the micropyle, of the four tetrad cells became 
functional, while the remaining three of them degenerated and disappeared. 
The functional megaspore (Figs. IF, G, 2E, 3E) underwent the first division of 
its nucleus to form a two-nucleate embryo sac (Figs. 1H, 2F, 3F). The two- 
nuclei moved apart toward the opposite poles of the embryo sac and a vacuole 
intervened between them. As the embryo sac elongated along the axis of the 
nucellus, the cytoplasm became richer around the nucleus at the micropylar end 
of the embryo sac than around the nucleus at the chalazal end. Usually, the 
two nuclei simultaneously divided to form four nuclei. In some ovules of P. 
satsumi, however, a three-nucleate embryo sac (Fig. 3G), where one nucleus lay 
at the micropylar end and two nuclei lay at the chalazal end, was observed. 
It seems that this embryo sac was produced owing to the division of the chalazal 
nucleus of a two-nucleate embryo sac which preceded that of the micropylar one. 

The micropylar apex of the four-nucleate embryo sac (Figs. II, 2G, 3H) 
elongated rapidly and greatly to intrude into the micropylar canal. Epidermal 
cells of the nucellus degenerated and disappeared except a few epidermal cells 
at the base of nucellus. The micropylar apex of the embryo sac in the three; 
species examined continued to elongate still more and passed through the micro¬ 
pylar canal. It seems that the integumentary tapetum surrounding the micro¬ 
pylar canal has something to do with the promotion of elongation of the embryo- 
sac. The micropylar apex of the embryo sac went out into the ovarian locule- 
and came into contact with the epidermal cells of the placental region. In P. 
satsumi, the embryo sac changed the course of elongation at right angles to that 
along which it had elongated till then, and it was only the micropylar apex that: 
went out to the ovarian locule. On the other hand, in D. scabra and D. crenata 
(Fig. 2H), immediately after the micropylar apex of the embryo sac had pro¬ 
truded from the micropyle, the embryo sac curved sharply and continued to 
become longer along the epidermis of the placental region. Finally, the size of 
the extra-micropylar portion came to be beyond half of the embryo sac in many 
embryo sacs of D. crenata, though it was below half of the embryo sac in many 
ones of D. scabra. Before the four nuclei began to divide, in the three species 
the elongation of the embryo sac was nearly completed and after then the embryo- 
sac hardly became longer. 
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Fig. 2. Development of embryo sac in Deutzia crenata. A. Nucellus with megasporocyte. B. 
Nucellus with megasporocyte in division. C. Nucellus with dyad. D. Nucellus with four-celled 
tetrad. E. Hemianatropous ovule with functional megaspore. F. Nucellus with two-nucleate 
embryo sac. G. Nucellus with elongating four-nucleate embryo sac and portion of integmen- 
tary tapetum. H. Portion of ovules with four-nucleate embryo sac. The extra-micropylar 
portion exceeds half the size of the embryo sac. I. Portion of ovule with embryo sac, in which 
micropylar four nuclei and chalazal two nuclei in division are contained. J. Ovule with mature 
embryo sac. Details: I, integument; M, micropyle; P, placental region; T, integumentary 
tapetum. 
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Usually the four nuclei of the embryo sac divided simultaneously to form 
eight nuclei, arranged in quartets, at the micropylar and chalazal ends of the 
embryo sac (Fig. 1J). In some ovules of D. crenata (Fig. 21), however, the 
chalazal two nuclei of the four-nucleate embryo sac were still in division, while 
the micropylar two had already divided to form four nuclei. In some ovules of 
P. satsumi, a six-nucleate embryo sac (Fig. 31), where two nuclei lay at the 
micropylar end and four nuclei lay at the chalazal end, was observed. It seems that 
this embryo sac was produced owing to the division of the chalazal two nuclei 
of a four-nucleate embryo sac which preceded that of the micropylar two. 

Three of the quartet at the micropylar pole of the eight-nucleate embryo 
sac became differentiated as an egg apparatus (Figs. IK, 2J, 3J, K). This always 
lay on the outside of the ovule and consisted of an egg cell, which was flanked 
by two synergids. Three of the quartet at the chalazal end of the embryo sac 
were differentiated as antipodal cells (Figs. IK, 2J). The two remaining nuclei 
migrated from the opposite ends of the embryo sac and they became polar 
nuclei. They usually fused near the egg apparatus in D. scabra (Fig. IK) 
and D. crenata (Fig. 2J) and at the center of the embryo sac in P. satsumi 
(Fig. 3J). The antipodal cells, in many embryo sacs of P. satsumi (Fig. 3J), 
degenerated long before the polar nuclei fused, while in D. scabra and D. 
crenata usually they persisted after the polar nuclei had fused but they began 
to degenerate before fertilization. 

Discussion There is little difference in the structure of ovule and in the 
development of embryo sac between the two species of Deutzia examined here. 
That is, the ovule is hemianatropous, unitegmic and tenuinucellate, and the 
megasporocyte undergoes two successive meiotic divisions to form the four-celled 
tetrad, of which the chalazal megaspore develops into the eight-nucleate embryo 
sac; the embryo sac is formed according to the monosporic eight-nucleate Poly¬ 
gonum type of development. The pattern of embryo sac formation of Deutzia, 
in principal, coincides with that of P. satsumi and P. coronarius investigated 
previously by Maurizon (1933). Furthermore, the embryologically salient feature 
common to Deutzia and Philadelphus is that the micropylar portion of the 
embryo sac protrudes on the outside of the ovule in greater or lesser degrees. 
The extra-micropylar embryo sac occurs only in very restricted genera of the 
angiospermous plants (Maheshwari 1950, Johri 1963). Therefore, this embryo- 
logical feature common to Deutzia and Philadelphus can be considered to be one 
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Fig. 3. Development of embryo sac in Philadelphus satsumi. A. Ovule which already attains 
to nearly anatropous condition. The megasporocyte differentiates in the nucellus. B. Nucellus 
with megasporocyte. C. Nucellus with dyad. D. Nucellus with four-celled tetrad. E. Nucellus 
with functional megaspore. F. Nucellus with two-nucleate embryo sac. G. Three-nucleate 
embryo sac. H. Four-nucleate embryo sac. I. Six-nucleate embryo sac. J. Mature embryo 
sac; two polar nuclei do not fuse yet and antipodal cells already disappear. K. Portion of 
ovule with mature embryo sac in which two polar nuclei already fuse and antipodal cells are 
already degenerating. Detail: I, integument. 


of the characters which represent a near relation of the two genera. In Torenia 
and Vandellia of the Scrophulariaceae, there is a series of variations from the 
extra-micropylar to the intra-micropylar embryo sac (Yam'azaki 1955). There¬ 
fore, it is conjectured that variations similar to those in the Scrophulariaceae 
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exist also in Deutzia, Philadelphus and their related genera such as Hydrangea 
and Kirengeshoma. 

It is suggested from our observation that a peculiar pattern exists during the 
embryo sac formation in P. satsumi. That is, the division of the chalazal 
nucleus or nuclei of some developing embryo sac precedes that of the micropylar 
nucleus or nuclei, and further the antipodal cells degenerate and disappear long 
before fertilization. This is not observed during the embryo sac formation of 
Deutzia, and has not been observed during that of other previously investigated 
members of the Engler’s Saxifragaceae (Davis 1966). Therefore, it can be 
considered that the short life of the antipodal cells in P. satsumi has something 
to do with the division of the chalazal nucleus or nuclei which precedes that of 
the micropylar nucleus or nuclei. 
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